Variabilidade genética de populações cativas de Rhamdia quelen utilizando marcadores microssatélites. A análise da variabilidade genética de populações a serem utilizadas em programas de melhoramento genético é importante para a seleção de uma população base, a qual maximize a divergência genética entre as populações selecionadas. Duas populações cativas de Rhamdia quelen foram analisadas com marcadores microssatélites. Para a ampliicação dos loci foram utilizados os seguintes primers marcados com luoróforos: Pcor1 (FAM), Pcor2 (TET), Pc17 (HEX), Pc97 (TET) e Rh1 (FAM). Os cinco loci de microssatélites analisados apresentaramse altamente polimóricos e informativos, com uma média de 9,8 alelos/locus. O coeiciente de endogamia (F IS ) apresentou valores negativos, evidenciando que não houve cruzamentos consanguíneos. O teste de diferenciação alélica e genotípica entre as duas populações foi estatisticamente signiicativo, e o valor de divergência genética total (F ST ) foi de 0,01939, indicando baixo nível de divergência genética nas populações. A análise de variância molecular (AMOVA) demonstrou que a maior variabilidade genética se encontra dentro das populações (98,06%). Os marcadores microssatélites utilizados foram eicientes para a análise da estrutura e variabilidade genética das populações cativas de Rhamdia quelen. O manejo reprodutivo adotado mostrou-se adequado, uma vez que garantiu a manutenção da variabilidade genética das populações.
Introduction
Since its inception, Brazilian ish farming has focused on the production of exotic species, such as tilapia (Oreochromis niloticus) and the common carp (Cyprinus carpio) (ANDRADE; YASUI, 2003; OSTRENSKY et al., 2007) , because there is extensive knowledge about the biology and productive management of these species and genetically improved strains. The introduction of native species in production systems is of great interest to producers and researchers because they are well accepted in the consumer market and by environmental oversight institutions, and have a high potential for cultivation. Zootechnical protocols have been developed for the cultivation of certain species; however, management of reproductive populations is still executed in a precarious way because of deiciencies in breeding control in nursery centers, genetic selection programs, and information about the genetic diversity in targeted populations (KOCHER et al., 1998) .
The identiication and genetic characterization of a species are fundamental for the implementation of genetic improvement programs of captive animals (HILSDORF; KRIEGER, 1998) . These programs are based on the knowledge of the genetic variability of organisms, which promotes the selection of breeders with high growth rates and desirable physiological characteristics. Selected individuals are subjected to successive breeding and artiicial selection to obtain improved performance in new generations and, consequently, in cultivation. Thus, the identiication of genetic variation among and within populations of species that are candidates for breeding programs is of paramount importance for the delimitation of optimal strategies for conservation and management of these species.
Poor zootechnical reproductive management planning with random breeding and intentional artiicial selection without a pedigree control can result in changes in genetic diversity (KOCHER et al., 1998) . Therefore, breeding between closely related individuals (inbreeding), selection of a small number of actual breeders and their decrease over generations, an uneven proportion of males and females during breeding, and intense application of individual selection are the main reducers of genetic variability in cultivated populations (FALCONER; MACKAY, 1996; SEKINO et al., 2004) .
The study of genetic variability in populations was made possible through the development of several molecular markers, especially those based on DNA polymorphism, which allow the variability of any organism to be accessed. With the technological advancements in recent decades, molecular markers have become important tools in studies of population genetics of wild or captive ish populations (O'CONNELL; WRIGHT, 1997) .
Microsatellites are considered suitable for genetic diversity studies applied to ishing and ish farming (O'CONNELL; WRIGHT, 1997) . Microsatellite markers or SSRs (Simple Sequence Repeats) are sequences of 1 to 6 base pairs (bps) repeated in tandem and found in eukaryotes (LITT; LUTY, 1989; WEBER; MAY, 1989) . Microsatellites offer several advantages over other molecular markers, such as abundance and wide-dispersion in the genome of most species, high degree of polymorphism, co-dominance of alleles that allow discrimination between homozygosity and heterozygosity, short fragments, and transferability (cross-amplification) because their loci tend to be evolutionarily conserved in similar species. These characteristics and the multiple alleles of microsatellites result in these markers having greater polymorphism Genetic variability of captive populations of Rhamdia quelen information content (FERREIRA; GRATTAPAGLIA, 1998; O'REILLY; WRIGHT, 1995) .
The use of microsatellites in ish farming allows the evaluation of cultivated stocks, appropriate management measures for the maintenance of genetic variation and levels of heterozygosity (FERGUSON et al., 1995) , and selection of breeders in commercial operations (O'REILLY; WRIGHT, 1995; DE LEON et al., 1998) .
Jundiá (Rhamdia quelen) is a freshwater catish in the family Pimelodidae. The species has a neotropical distribution and occurs from central Argentina to southern Mexico (SILFVERGRIP, 1996) . The species is native to southern Brazil and is one of the most promising species for ish farming because of its resistance to low temperatures, rapid growth and good acceptance of commercial rations, amenability to reproduction induction, and high carcass yield with tasty meat and few bones (CARNEIRO et al., 2002; BALDISSEROTTO; NETO, 2004) . The history of reproduction of the populations within our study is unknown and does not have a pedigree record. Therefore, we expected low intrapopulation genetic variability because of genetic drift and inbreeding. Genetic improvement can be a very important tool to increase growth rates and make the cultivation of R. quelen more commercially attractive. Thus, knowing the genetic diversity of jundiá populations that can be used in breeding programs is essential to scale the initial genetic variability, as well as to set future breeding priorities, thereby increasing selection effectiveness and gains throughout generations. The objective of this study was to use microsatellite markers to evaluate the genetic variability in two captive populations of R. quelen that are population base candidates in genetic improvement programs.
Materials and Methods

Sample collection
Two captive populations (GASPAR and CAÇADOR strains) from the Camboriú Experimental Breeding Field -CEPC (Santa Catarina State) in southern Brazil were analyzed. The reproduction and dissemination of ingerlings started in 2006; these populations were analyzed in this study after approximately six generations in captivity. The breeding was randomly performed from one generation to the next, depending on the stage of gonad maturation in females. No selective pressure for speciic zootechnical characteristics was applied to the breeders during the six generations.
Fin tissue samples were randomly taken from both strains of adult ish, comprising the reproductive stock populations at CEPC. The tissues were ixed in ethanol and stored in sterile microtubes at -20°C.
Sample processing DNA extraction and ampliication
DNA was extracted from in tissue samples of 50 individuals per population according to the NORGEN kit protocol (Biotek Corp.). Five microsatellite primers were used in the PCR reactions: Pcor1, Pcor2 (REVALDAVES et al., 2005) , PC17, PC97 (MOESER; BERMINGHAM, 2005) , and RH1 (F: 5 '-TTACTCGGGATACGATGC-3' and R: 5 '-TTGTCAGAGTCCAAAGG-3'); these primers were labelled with the FAM, TET, HEX, TET, and FAM luorophores, respectively. With the exception of RH1, the only microsatellite locus developed and tested for Rhamdia quelen, the other microsatellites loci were originally designed for Pseudoplatystoma corruscans (Table 1 ). Therefore, cross-ampliication was carried out.
The cycling conditions were: one cycle at 94ºC for 2 minutes, 30 cycles at 95ºC for 1 minute, one cycle at the annealing temperature speciic to each microsatellite primer for 1 minute, one cycle at 72ºC for 1 minute, and one cycle at 72°C for 7 minutes. Each reaction contained 1.25 U of Taq polymerase, 0.1 mM dNTPs, 1X PCR buffer, 0.6 µM of each primer (Forward and Reverse), 1.5 mM MgCl 2 , 1 µL of DNA, and autoclaved Milli-Q water, for a total volume of 10 µL.
PCR products were analyzed and genotyped using the software Fragment Profiler v. 1.2 (MegaBACE Genetic Proiler; Amersham Biosciences Inc.).
Data processing
The Genepop program web v. 3.1 (RAYMOND; ROUSSET, 1995) was used for the intrapopulation analyses to calculate the number of observed alleles (N A ), allele frequencies, observed heterozygosity (H o ), expected heterozygosity (H E ), population inbreeding coeficient (F IS ), and Hardy-Weinberg equilibrium. The genetic variations between and within the populations (inter-and intrapopulation analysis) and genetic distances (F ST ) were identiied through and analysis of molecular variance (AMOVA) using the software Alerquin v. 3.1. (EXCOFFIER et al., 2005) .
The effective number of alleles per locus was estimated from the expression A e =1/(1-H E ), where H E is the expected heterozygosity value for the analyzed loci. The polymorphic information content (PIC) was calculated according to Botstein et al. (1980) . To evaluate 
Results
The ive analyzed microsatellite loci showed a high degree of polymorphism. Sixty-seven distinct alleles were detected, including 11 in the Pcor1 locus, 18 in Pcor2, 8 in PC17, 18 in PC97, and 12 in RH1. The analysis for the presence of null alleles did not show evidence of loci in both populations evaluated. The average number of alleles per locus was 9.8, and the average effective number of alleles was 5.25 ± 0.9 in the two studied populations (GASPAR and CAÇADOR) ( Table 2) . Twelve alleles were exclusive to GASPAR and 7 to CAÇADOR ( Table 2) .
The H E values ranged from 0.612 (PC17 locus) to 0.898 (PC97) in GASPAR and from 0.690 (PC17) to 0.830 (Pcor2) in CAÇADOR. The H O values ranged from 0.625 (PC97 in CAÇADOR) to 0.977 (RH1 in GASPAR). The populations were not in Hardy-Weinberg Genetic variability of captive populations of Rhamdia quelen equilibrium (HWE), showing signiicant deviations (p < 0.01) in most of the analyzed loci. The F IS values were statistically significant for each population considering all loci and for all loci and both populations (p < 0.01) ( Table 3 ). The average PIC values were 0.776 in GASPAR and 0.734 in CAÇADOR, demonstrating the high informativeness of the ive analyzed microsatellite loci (Table 3 ). The allelic and genotypic differentiation between the two populations was statistically signiicant (p < 0.01), considering the four loci together and each locus separately, with the exception of RH1. The highest allele frequencies were similar in both populations ( Table 2) .
The F ST value was 0.01939 indicating a low level of genetic structuring within the populations. The analysis of molecular variance (AMOVA) showed that the highest genetic variability was found within the populations (98.6%) and the lowest (1.94 percent) between the populations (Table 4 ). 
Source of variation Variance component
Percentage of variation (%)
Between groups (Gaspar vs. Caçador) 2.676 1.94%
Among individuals within each stock 162.857 98.06%
Fixation indices (F ST ) = 0.01939
Discussion
The results demonstrate that, although the genetic variability in the studied captive populations is high, there are low levels of genetic differentiation. The microsatellite markers used in this study were powerful tools for the analysis of genetic variability in R. quelen populations. The PIC is an indicator of the quality of the molecular marker in genetic studies. According to Botstein et al. (1980) , values greater than 0.5 are considered very informative, those between 0.25 and 0.5 are medially informative, and those less than 0.25 are essentially not informative. The average PIC observed in the ive microsatellite markers was 0.755, which indicates that these have high informational power and are effective as genetic markers in R. quelen populations. This value is consistent with those published by Ribolli and Zaniboni-Filho (2009) in a study of the same species (0.706), and by Dantas et al. (2013) in studies of P. corruscans (0.80 and 0.699, respectively).
The average number of alleles per locus was inferior to those found in natural populations of ish in the family Pimelodidae, such as Pseudoplatystoma corruscans that was analyzed by Pereira et al. (2008) . These authors estimated averages of 17 and 15.2 alleles/locus, respectively. Ribolli et al. (2012) observed an average of 15.8 alleles/locus in the catish Pimelodus maculatus. Ribolli and Zaniboni-Filho (2009) report an average of 6 alleles/locus in R. quelen produced in captivity. The number of alleles/locus observed in the GASPAR and CAÇADOR populations was lower than those obtained in natural populations of other species from the same family. The number of effective alleles indicated that many alleles are rare or present in low frequencies.
The presence of few alleles with high frequencies may indicate that within the natural populations, from which the irst generations were taken to be reproduced under captive conditions, this was already high. The high H O values were similar to those observed by Ribolli and Zaniboni-Filho (2009) in breeding stocks of R. quelen using the same microsatellite loci (average H E = 0.72 and H O = 0.76). Neto (2008) reports heterozygosity values that are different from those expected in P. corruscans populations, representing a loss of genetic variability. The reduction in genetic diversity in cultivation results from reproductive management with a small effective number of breeders and intense individual selection, which leads to the increased number of homozygotes. The results of the estimated heterozygosity in populations of R. quelen indicate that either a high effective number (N e ) of breeders was present in each generation or that accidental migration of genes may have occurred in the history of these strains. The employed management in the production of matrices over generations without deined selection criteria may have contributed to the maintenance of diversity in the studied populations.
The differences between H E and H O are always expected in cultivated populations because gene frequency deviations, possibly caused by genetic drift and inbreeding, tend to increase throughout generations (ROMANA-EGUIA et al., 2004) . Most of the studied loci showed significant deviation from the Hardy-Weinberg equilibrium (HWE). These deviations cannot be attributed to inbreeding because the average value of F IS (-0.05098) was low and negative, ruling out the Genetic variability of captive populations of Rhamdia quelen possibility of inbreeding. Lopera-Barreto et al. (2010) observed an average F IS of -0.358 in captive populations of P. mesopotamicus, and Dantas et al. (2013) found mean values of 0.045 and 0.034 in P. corruscans, respectively. However, an increase in inbreeding is common and expected, especially in populations with reproduction management without a pedigree control. Several studies show signiicant HWE deviations caused by an excessive number of homozygotes that result from inbreeding. Pereira et al. (2008) observed high values of F IS (0.176) in populations of P. corruscans. Thus, endogamy indexes are directly related to the management adopted in cultivation. The HWE deviation caused by the obtained values of the excessive number of heterozygotes and low F IS could be explained by accidental introductions of individuals of the same species from other populations while in captivity. The unidirectional gene low from one population to another increases the likelihood of the incorporation of new alleles and decreases the F IS . The presence of a signiicant number of exclusive alleles in each population strengthens this hypothesis.
According to the classiication of Wright (1978) , the F ST value obtained in this study was low and significant, which is evidence of reduced genetic differentiation between the GASPAR and CAÇADOR populations. The analysis of molecular variance (AMOVA) showed that the highest genetic variation was within the populations whereas the variation between them was very low. The genotype and allelic frequencies showed statistically signiicant differences; however, most of the most frequent alleles were shared by both populations. The GASPAR and CAÇADOR populations are cultivated in the same experimental farm under the same environmental parameters. The trend of increased frequency of the same alleles could indicate similar selection pressures applied to both populations, leading them to increased genetic homogeneity overtime.
The results obtained demonstrate that the populations showed low levels of genetic differentiation between them, but high levels within each population. Lidani et al. (2006) described 8 polymorphic loci using the PCR-RAPD technique and observed increased levels of genetic variability in captive stocks. There are no publications that we are aware of in the scientiic literature that describe the genetic variability of R. quelen in native stocks with molecular markers.
The microsatellite markers used in this study proved to be eficient tools to analyze the structure and genetic variability in populations of R. quelen.
